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tvroben) which i< pyratechnic-driven. The sysiewn oo
duves an aerosol, and the compasition of the syetem is not
disclosed.

Based on my reading of the contemporary art, | have
decided that what 15 needed 15 a0 gas-generating Tiguid
composition which can be used as an oxidizer, and which
has Jow cost, low toxicity and excellent handling properties,

SUNMBIARY OF THE INVENTION

It i therelore an object of the present invention Lo provide
improved gas-generating liguid compuositions,

[t is also an object of the invention w provide improved
liquid oxidizers Tor use in monopropellant and mipropellant
SyRTEMS, '

It 55 another ebject of the invention o provide improved
liquid compositions Tor generation ol breathable air,

It is ver another object of the invention 1o provide gus-
generating liquid compositons which have low cost

It is sall another object to provide gas-generating
compositions from readily available components,

liguid

It 15 2 further object o provide gas-generating liguid
compositions which have low vapor and skin toxicity.

It is a vet further object to provide gas-generating Liguid
compositions which have o low explosion hazard.

It 15 o ver siill further object to provide compositione
having exeellent handling and storage characteristics. such
as Jow cotrosivity.

It ix an additional object to provide ras-generaing liquid
compositions which wre easy w prepare. :

I is o vet additional object w provide gus-gencrating
liguid compositions allowing ready production of custom-
ized Tormuiations.

It is a sl additional ehject of the inventon to provide a
egas-generating liquid having a low freezing point.

it 15 vet another object of the invention to provide a
gas-generating lypuid which has high density and high
energy density.

It is yet another object of the invention (¢ provide a
sas-generating liquid which is “green™. that is, disposable
without damage to the environment.

It is still another object of the invention to provide
gas-rencrating liquid which allows water-bused cleanup of
spills.

These objects are achieved in the presant invention which
provides a family of water-based gas-generaring liquid com-
positions which may be used in rocket propulsion. torpedo
propetlants. ar bags, and other applications. Applications
also include use in oxvgen generators and i fuel celis,

The general composition of the water-based gas-
generating liyuid of the present invention includes: hydro-
cen peroxide: hvdrazinium mwnonitrate (THN . and water.
Generally. the water concentration (that 15, conlent) in the
cas-generating liguid will he in the runge of approximately
15 to 45 percent by weight tw/w-26), and the water concen-
wration may be in the range of 20 0 33 win -, Generulls.
th-+ hydrizinium moenenitrate concentration will be in the
cange of approximately 23 (o 60 wiw -, and may be to the
range of approximately 35 10 60 wiw -7, The concentration
of hvdrogen peroside will senerally be in the range of
approxumately 12 o 7 w/iw-C6 and mas he in the range of
approximately 25 to M wiw-ril The gus-generaniser liguid
compasition of the present incention may have additional
compunenis, such as o coloraat, un udvrant, o gelant, o
thisotropic avent. asurtactant, or a burning tae modifier.
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in one embodinent. the gas-generating iguid composi-
tions of the present imvention mias he added t o fuel to form
i monopropellant. In another embodiment ol the present
invention. the gas-generating Hguid conpositon may con-
sist essentiglly of hydrogen peroxide. hydruziniwn mononi-
trute and water. Here, “consists essentially of " means that
this composition has na added fuel, nor ather conponent
substantially affecting the energy content, treezing point, or
density of the composition. Such a composition may have
minor additional conponents. such as a colorunt. an odorant.
a gelant. a thixotropic agent. a surfactant, or a burning rate
muoditier. which du not sabstantially sttect these parameters,

In addition o tie compositions of the present invention.
the invention also includes methods of use of the composi-
tions. Specificalty, the compositions of the present invention
can be used for generating gas by passing the compositions
through a solid catalyst bed. heating the compositions, or
adding catalvst 1o the compositions. The compositions can
also be maxed with a fuel 1o form monepropeltants or can be
used in bipropellant and hybrid rocker svstems,

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention, and many
of the attendant advantages, thereot, will be readily apparent
as the same becomes better undersiond by reference 1o the
following detailed descripion when considered in conjune-
tion with the accompanying drawings in which like refer-
ence symbuols indicate the same or simtlar components.
wheretn: ) .

FIG, I is a response surface diagram illustrating freezing
points of compositons of the present invention: and

FIG. 2 15 2 vesponse surface diagram illustrating densities
of compuositions of the present invention.

DETAILED DESCRIPTION OF THE
[INVENTION

The gas-generating liquid compositions of the present
imention e a tamily of compositions which the inventor
refers to as PERSOL 2. The general composition of the
water-based gas-generating liquid of the present invention
includes: hvdrogen peroxide: hydrazinium mononitrate; and
water. The invention mav also comprise any of a number of
additives, and may comprise a tuel,

The present invention includes a family of compositions
with varying amounts of hvdrogen peroxide, hvdrizinium
moenonitrate and water. Preparation of the compositons of
the present invention can generally be achieved simply by
the mixing the ingredients of the inventon, Generally, the
witer concentration ithat is. content in the gas-generating
liguid will be in the range of approximatels 13 o 45 percent
by wetght tw/w-"e) and the water conventration may be in
the range of 20 to 33 whiw"e Generally, the hvdraziniom
mononitrate conventration will be in the runge of approxi-
mately 25 10 60 w/w-2, and may be an the range of
approximately 35 to 60 w/w-¢. The hadrogen peroxide will
generaily be in the range ol approximately 12 10 70 wiw-5
and may be in the range of approximatedy 25 (o 530 wiw-%,
Ditterent compositions will have different values of param-
cters relevant to the wse of the imvention. and thus custom-
zed compositions of the prexent snyention muy be prepared.

Among the advantiges of the present invention are the
Lyvw freezing point achiesable in some compositions. An
important paranieter of liguid gas-yenerating compositions
is the freezing point. At terperatres beiow the freecing
point. <olids appear in the Hyuid. atfeane many aspects of
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Anather advantage of the present inventSa is the cus
tomizahihty of the formulation. In particulir, by adjusting
the water content ol the Anal formulation. the combustion
wmperature can be adjusted o give a desired Hame t2m-
perature or to achiove specitic pha<icab/chemicalisafery
propertics, For example. this can veduce the vulnerability
characteristics and the corrosivin rosion problems assovi-
ated with the exhaust gises,
Another advantage of the present invention is cost.
Hydrogen peroxide, in particular. is relatively inexpensive.
In addition 10 the hydrogen peroside. hyvdrazinium mono-
nitrade and waler, conpositions of the present imvention may
also contam additives to madily other properties of the
gas-generating hgwds. These additives usually total Jess
than | percent by weight ol the composition. For example.
the composition may conirin a colorunt. This is a dye which
altow s the gas-generating lguid v be more easily seen. This
15 particularls useful. for example. in locating spills.
Another additive which may be used is an odorant, This
is 4 compound with an odor readily detecled by the human
nose. and ix generally used for detecting and locating spills.
Another additive which may be used is a stabilizer. This
will usually be an oxyveen scavenger. such as ammonium

thiosulfate, which senves 1w slow chemical degradation of

the sas-generating liguid.

Another additive which may he used is a chelating agent.
such as ethvlenediamine tetraacetic acid {EDTA} or cvclo-
hexanediamineietraacetic acid (CDTAY or sodium salts of
these compounds. Chelating zzents serve to bind impurity
metit! ions i the liguid. and can serve 0 slow degradation
of the gas-generating liguid.

Another additive which may be used is a gelant. or gelling
agent. Having the gas-generating liquid in gel form may be
usetul in certain applications.

Anather additive which may be used is a thixotropic
ament. Such an agemt can improve the general handling
propertics of the hquid, such as pumping or pouring.

Another additive which may be used is a buming rate
modibier. Such an wdditive affects the kinetics. or rate of burn
ol conipositions,

Another additive which muay be uwsed 15 g surfactant.
Surfactants can serve w o allow  miseibility of the gas-
cenerating liguid with certain fuels, Also. a surfactane can
serve to modify the droplet size of the gas-generating liguid
when it s spraved, for example into a rockel combustion
chamber,

The canipositions of the present invention may be used as
liguid vxidizers tor o variets of propellant svstems, In
seneral. propellant svstems are monopropellant or bipropel-
lant sy stems,

(n theory. a liguid monopropetlant is the ideal energy
sourge for various Hygaid g generator apphications such ax
eun propellane, air by inllaers, worpedo propulsion und
rechet motors. The monopropellam’™s main advantage s
simplicits when compured to liguid bipropeliant systems: a
mwonvpropellant requires only halt the member of pumps,
valves, storagy tinbs and pipess An esample of o monapre-
pellant is the nitrare ester-based Ot Tiel used i worpeduoes.

When used as o monepropellant. a composition of the
prosent mvention would generally be preblended with i fuel,
Such a tuel could be a water-saluhle tuel. in which case the
Toet would generalls dissolue in the lanid oxidizer, Non
water soluble tuels, such as hvdrocarbons, may also be used.
Monopropelbants using by drecarbons and the hguid oxidic-
ers ol the present neention would eenerally be emulsified
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miares, Inosome cases. surfactnts nay be added 10 allow
For better emulsificition, Among the fuels that may be used
with the inventivo are alkvlanumeniun nitriws and alkano-
Lammuonium moates having one. tso or three carbon atoms.

Monopropellanis made using the liguid osidizer of the
present imvention mar be used for other purposes, B the
oxidizer comtaining hvdrogen perovide. ammoniun nitrate
and water ts mised inoappropeizte vate with o fuel, for
example urea. an alkvlammeonium nitrate o hyvdrocarbon,
the decomposition reaction can in theory vield nitrogen,
carbon divxade, carhon monoxide and water. Such a decom-
positicn mixture would not support combustion, and might
be usabbe moatr-bag inflution, lire suppressant or related wses,

In practice, most liguid propellant syswems use bipropel-
lants. One problem with some liguid moenopropellants is the
low energy content of the mwnopropellant. in order to meet
physical. chemical and safery requirements. I the oxidizer
and fuel are separated. the sensitiv ity o shock. friction and
static discharge are reduced. The homogengous mixture of
the two conponents of a liquid propellant has a sensitivity
which is rreater than that of either conponent.

Bipropellant sysiens are commondy used in rocket
uotors. [n o bipropellant system. the lgoid oxidizer contacts
the tuel ar the time of combustion. Rocket motors may use
liquid fuel, or in the cose of hvbrid rocket motors. the fuel
may e solid, The compositions of the present invention may
he usable < liquid oxidizers for bet hinds of rocket motaors.
Metallic additives may be added 1o these fuels to improve
the propellants™ energy outputs,

In general, catalytic or thermal combustion of an oxidizer
compuosition of the present invention with a low-carbon
cottent fuel should generate an exhaust gas containing N,
H L0 and some CO.. Catalytic or therid combustion of an
exidizer composition of the present invention should gen-
erate an exhaust gas conmining N, H.0, CGL . CO.CH| and
other gases. However, no HCN 1% expected in the exhaust
sas. unlike exhiaust pases resulting from nitrate ester fuels.

The compositions of the present invention may alse be
decomposed o vield gases and energy. This decomposition
mas be achieved by catulesis, For example, placing the
compusition of the present invention in contact with a fixed
Ped catalyst, such as P Pdor M), may vield decompo-
sition, Swueh a reaction i~ well known in the ant for other
liguids, fur example. hvdrogen peroside decomposing to
waker anc oxveen. Aliernativels. the composition of the
presentinveniion might by decomposed by adding a catalvst
o the composition o disselve or saspend the catalyvst, This
may be done in o catals ststrear fow process, For example.
the compesition of the present invention and a caaly st could
b delivered trom a bladder and mixed upon delivery, by
methods bnown in the gt

Alernacively, decomposition ol a composition of the
present invention nu e achicsahle by heating the com-
pesition. I For example, tite cotiposition 15 injected into a
hot reaction chamber. the heat of decomposition may be
suthicient o self-sustain the decomposation reaction, and a
cultinboks decuniposition of w st of the composition
muay be puossibic,

O possible application o decomposition of composi-
tions ot the present imvention i an beeatheble air generators.
Hydrasiniam nitrate and hvdmosen poroxide may e theo-
reticaliy decomposed oy oo nitrozen and water accord-
g oo the followne steichieme e
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